The accessible relaxation channels of the electronic states of Ne ++ -Ne and Ne 3+ -Ne populated by KLL Auger decay are studied. In particular, we address the "direct" and "exchange" interatomic Coulombic decays ͑ICDs͒ and the electron-transfer-mediated decay following the population of one-site states Ne ++ ͑2s −2 ͒ -Ne and Ne ++ ͑2s −1 2p −1 1 P͒ -Ne. Radiative charge transfer of the low lying Ne ++ ͑2p −2 ͒ -Ne states, three-electron ICD process from the Ne ++ ͑2s −2 ͒ -Ne states, as well as charge transfer at the points of curve crossing of the lowest in energy Ne 3+ ͑2p −3 ͒ -Ne states are also discussed. To carry out the present study, we have calculated the potential energy curves ͑from 1.75 to 5.00 Å͒ of the ground state Ne 2 , the core ionized state Ne + ͑1s −1 ͒ -Ne, and the dicationic and tricationic states with energies in the range of 45-140 eV using accurate ab initio methods and basis sets. Apart from being of interest by themselves, the results obtained may be helpful in interpreting the recent measurements of interatomic electronic processes following Auger decay in neon dimer ͓K. Kreidi et al., J. Phys. B 41, 101002 ͑2008͔͒.
I. INTRODUCTION
Creating a core vacancy in atoms or molecules produces a cation with energy above its double or even multiple ionization threshold. [1] [2] [3] As a result, an electron from a higher energy level may fall into the vacancy and the energy thus released can be transferred to another electron, which is then ejected from the system. This fundamental process was discovered in the early 1920s by Lise Meitner and independently by Pierre Auger and is known as Auger decay. 4 The secondary emitted, or Auger, electron has a specific energy depending on the system being ionized, thus giving rise to a characteristic spectrum. An important feature of the Auger decay is that it is typically an intra-atomic process and a fingerprint of the emitting element. The Auger decay is an ultrafast process ͑taking place in the femto-and even attosecond time domain͒ 5 and is usually only weakly influenced by the environment of the emitting atom. 6 In contrast, creating an inner-valence vacancy in isolated atoms or molecules will usually not lead to a relaxation process accompanied by secondary electron emission since the energy of the cation will be below the double ionization threshold. Such states will relax by photon emission or in the case of molecules also by coupling to the nuclear motion. Here, however, the medium plays a critical role. If the ionized system is embedded in an environment or has neighbors like in a cluster, another relaxation mechanism can prevail.
After inner-valence ionization of a particular subunit of the cluster ͑atom or molecule͒, the inner-valence vacancy may be refilled by an outer-valence electron of the same cluster subunit and the energy gained in this process can be transferred to another cluster subunit, which uses it to emit an outer-valence electron. The final state is thus characterized by two outer-valence vacancies, each on a different cluster subunit. This electronic decay process was predicted theoretically in the late 1990s and named interatomic ͑intermo-lecular͒ Coulombic decay ͑ICD͒. 7 Since then the ICD phenomenon has been intensively studied both theoretically [8] [9] [10] [11] [12] and experimentally. [13] [14] [15] [16] It has been demonstrated that this decay mechanism is a rather general process, taking place in a large variety of systems ͑see, e.g., Ref. 17 and references therein͒. Most importantly, ICD has been predicted to be extremely efficient compared to the competing processes, such as photon emission or relaxation via nuclear dynamics, through which the isolated system relaxes. Indeed, the predicted ICD lifetimes typically vary in the interval of 1-100 fs, while the processes just mentioned are typically orders of magnitude slower.
The discovery of the ICD revealed, actually, a whole zoo of related phenomena. Here we will briefly sketch only those that are directly discussed in the present study and refer the interested reader to Refs. 11, 18, and 19 for a detailed discussion of other interatomic decay mechanisms. A few years ago it was predicted theoretically that creating a single vacancy in the inner-valence shell of an atom embedded in an environment is not the only possibility to initiate ICD. Excited Auger final states that cannot decay nonradiatively in an isolated system can relax when the system is embedded in a͒ Electronic mail: spas.stoychev@pci.uni-heidelberg.de. an environment ͑e.g., in a cluster͒ by electronic emission from a neighboring subunit. In other words, ICD can be the final step of a cascade decay initiated by core ionization. 20 In a series of experimental works, the occurrence of ICD from Auger final states in different rare gas clusters was subsequently demonstrated. [21] [22] [23] Very recently we reported a detailed theoretical study on the different relaxation pathways following L 2,3 M 1 M 2,3 Auger decay in the argon dimer. 24 Important for the present study is the interatomic decay process where electron transfer between the system subunits appears as a mediator of the decay. This has been termed electron-transfer-mediated decay ͑ETMD͒. 9 In this process, an inner-valence vacancy is refilled by an outer-valence electron of a neighboring atom or molecule, from which in addition a secondary ͑ETMD͒ electron is emitted. Therefore, in contrast to ICD, after ETMD the system ends up with two vacancies on a site different from the one initially ionized. Since ETMD involves electron transfer, it is typically orders of magnitude slower than ICD. For a comparison between the ICD and ETMD channels, see Ref. 9 , where the mechanisms of the electronic decay processes following innervalence ionization in NeAr are analyzed and discussed in detail.
At this point an important aspect of ICD has to be addressed. An approximate but illuminative expression for the ICD rate can be obtained using the Wigner-Weisskopf method based on time-dependent perturbation theory ͑see, e.g., Ref. 25͒. Within this first order theory, the ICD rate is proportional to ͉V ov 1 ,ov 2 ,iv,k − V ov 1 ,ov 2 ,k,iv ͉ 2 , where V ijkl is the two-electron Coulomb matrix element. The subscripts ov 1 and ov 2 correspond to the two outer-valence electrons, iv stands for the initial inner-valence vacancy, and k is for the continuum electron. 8 Thus, the decay rate is proportional to the modulus square of the difference between the direct and the corresponding exchange Coulomb matrix elements. In the case of Auger decay we have a similar expression where the direct and exchange matrix elements arise from the indistinguishability of the electrons involved in the decay. In the case of ICD, where the participating electrons are located on different subsystems, these two terms describe actually different physical phenomena. If we take ov 1 to label the electron ͑hole͒ residing on the same site as iv, the first, or the direct, term describes the process in which an outer-valence electron from the initially ionized subsystem fills the innervalence vacancy and an outer-valence electron from the other subsystem is emitted. The second, or the exchange, term describes the process of electron transfer, i.e., where an outervalence electron from a site neighboring the one initially ionized fills the inner-valence vacancy and an outer-valence electron from the initially ionized subsystem is emitted. In the following we will address these two processes as "direct" and "exchange" ICDs, respectively. Both ETMD and exchange ICD are expected to be much slower than the direct ICD channel. 9 Only at short separations between the system subunits are they expected to give a non-negligible, but still much smaller than the direct ICD, contribution to the total decay rate due to the enhanced overlap between the wave functions.
9,10 However, there are situations where the direct ICD channel is forbidden and ETMD and/or exchange ICD appear as the only possible electronic decay modes. 26 In the course of the study of the ICD and related decay processes, the neon clusters appeared to be especially suitable for investigating different aspects of these phenomena. The cascade process of ICD after Auger decay was also predicted for neon dimers. 20 In this process, after creating a 1s vacancy, KL 1 L 1,2 Auger emission replaces it with two holes in the L shell. As a consequence, one of the neon atoms in the dimer may be in a state with 2s −2 or 2s −1 2p −1 electron configuration. In the next step, the Ne 2 ++ ion undergoes ICD, that is, a 2s vacancy is filled by a 2p electron and another electron is emitted by the system. This leads to a triply ionized cluster with two holes in one of the neon atoms and one hole in the other. A Coulomb explosion follows and the cluster fragments into Ne ++ and Ne + . Very recently, this process was unambiguously identified experimentally with the help of electron-ion-ion coincidence spectroscopy, 27 measuring in coincidence the kinetic energy of the ICD electron and the kinetic energy release ͑KER͒ of the Ne ++ and Ne + ions. In the present paper we aim at achieving an understanding of the various decay modes of the 1s ionized neon dimer and help in analyzing the experimental results. The potential energy curves ͑PECs͒ of the ground state ͑Ne 2 ͒, the core ionized Ne + ͑1s −1 ͒ -Ne, and the states populated by its Auger decay to Ne 2 ++ , as well as the Ne 2 3+ final states of the ensuing ICD and ETMD, are computed. The accessible interatomic processes that lead to the formation of Ne 2 3+ are discussed. The paper consists of five sections. In Sec. II a brief description of the computational methods used to obtain the PECs of the studied states is given. The dominant electronic decay mode, or the direct ICD, following the Auger transition is discussed in Sec. III. Section IV contains a more thorough analysis of the dicationic states of Ne 2 and the mechanisms of their relaxation. Conclusions on the different types of decay channels triggered by the KLL Auger transition in Ne 2 are presented in Sec. V.
II. COMPUTATIONAL METHODS
The various decay processes in the neon dimer can be investigated using the PECs of the different electronic states involved in them. This amounts to calculating and analyzing the PECs of the ground state of Ne 2 , the singly ionized state Ne + ͑1s −1 ͒ -Ne, as well as those for the different doubly and triply ionized states, Ne 2 ++ and Ne 2 3+ . The PEC for the ground state of the weakly bound system Ne 2 was computed via the coupled cluster singles and doubles and perturbative triples method using the d-aug-cc-pV5Z basis; 28 an additional d-aug-cc-pV5Z basis set was put in the middle of the bond and the basis set superposition error was counterpoise corrected. The calculations were carried out with the MOLPRO package. 29 The energies of the relevant cationic, dicationic, and tricationic states were computed within the framework of the Green's function approach using the so-called algebraic diagrammatic construction ͑ADC͒ scheme, 30, 31 discussed in detail in the literature. 30, [32] [33] [34] [35] ADC͑n͒ implements infinite partial summations of perturbative terms of the ap-propriate Green's function, which are exact up to the nth order of perturbation theory. Important features of this approach are its compactness and size consistency. The core ionization energies ͓Ne + ͑1s −1 ͒ -Ne͔ were calculated via the ADC͑4͒ scheme 30, 36 for the one-particle Green's function using the d-aug-cc-pVTZ basis set. The ADC͑2͒ scheme for the particle-particle propagator 32, 37 and the three-particle propagator 38 were used to compute the dicationic and tricationic states, respectively ͑in both cases the aug-cc-pVQZ basis set was utilized͒. These energies were then added to those of the ground state of the neutral to obtain the PECs for the singly, doubly, and triply ionized Ne 2 . In all calculations the spin-orbit effects were neglected.
In order to obtain the correct absolute energy scale, the computed PECs were shifted to match at large internuclear distances the spectroscopic data of the separated atoms.
Where it was relevant, the spectroscopic data were averaged over the total angular momentum. Thus, for Ne + ͑1s −1 ͒ -Ne the calculated ionization energy at 10.0 Å is set equal to that of Ne + ͑1s −1 ͒ taken from Ref. 39 . The double and triply ionization energies leading to the one-site states ͑i.e., states where both electron vacancies are located on the same Ne atom͒ calculated at 10.0 Å are set to those for the corresponding atomic states in the NIST database. 3 The PECs for the two-site states of Ne 2 ++ , correlating with two singly ionized Ne atoms, are adjusted by setting their values at 10.0 Å to the sum of the NIST energies for the corresponding Ne + states plus the Coulomb repulsion between two elementary charges at that distance. A similar adjustment ͑accounting for the Coulomb repulsion͒ is made for the two-site states of Ne 2 3+ , which correlate with a Ne atom doubly ionized and one singly ionized. We have to mention that the ADC procedures for various kinds of ionization processes are accurate through a given order of perturbation theory, i.e., one expects different accuracies for singly, doubly, and triply ionized states. However, for the kind of systems discussed here the error depends very weakly on the internuclear distance and can be well eliminated by the just described asymptotic adjustment of the corresponding PECs to the spectroscopic data. The energies of the relevant electronic states of the Ne atomic ions used to calibrate the energy scale, along with the available atomic Auger rates, are presented in Table I .
As a result of our calculations, a large number of PECs has been produced. A few remarks about those selected for presentation and the way they are depicted in our figures should be made. The PECs form groups corresponding essentially to specific electronic configurations. Usually, at small internuclear distances the curves within a given group are spread within an energy band, while at large internuclear distances they merge into a single curve. To avoid overburdening the figures, we show only the curves that define the upper and the lower limit of the band for each group. Furthermore, only one line is plotted to represent nearly degenerate curves.
In order to better distinguish the different dicationic PECs in the figures, the following types and colors of the lines are chosen: Green is used for the PECs of states with two holes in the 2s level, orange for states with one hole in the 2s level and one hole in the 2p level, and blue for states with two holes in the 2p level. Solid lines are used to represent singlet states and dashed lines are used for the Ne 2 ++ triplets. Thus, a solid blue line stands for a singlet state with two holes in the 2p levels, an orange dashed line for a triplet state with holes in 2s and 2p levels, and so on. The tricationic states Ne 3+ ͑2p 
III. DIRECT ICD FOLLOWING AUGER
The KLL Auger decay in atomic Ne populates several dicationic states 40 ͑see Table I͒ . In the dimer, all of them can further decay by interatomic processes. We will first investigate in more detail the cascade process of direct ICD following KLL Auger because it is the fastest and no nuclear dynamics are needed for its description. The other processes are then treated systematically as a function of total energy of the states involved in them in the next sections. As will appear more clearly later on, the direct ICD channel is open only from the Ne ++ ͑2s −1 2p −1 1 P͒ -Ne state, taking about 17% of the population of all KLL Auger final states. The PECs of the different electronic states involved in this process are presented in Fig. 1 . The curve of the ground state of the weakly bound neon dimer is shown in Fig. 1͑a͒ . It is characterized by a very shallow minimum at 3.10 Å, in good agreement with other computations [41] [42] [43] [44] and experimental results 45 reported in the literature. In Fig. 1͑c͒ the PEC of the system after the initial core ionization, i.e., of Ne + ͑1s −1 ͒ -Ne, is depicted. Two states arise for this configuration-2 ⌺ g + and 2 ⌺ u + -which are practically degenerate and have a minimum at 2.30 Å. Due to polarization effects, the PEC exhibits a deeper well compared to that of the ground state of the neutral dimer. In Fig. 1͑b͒ the direct ICD process. To the best of our knowledge, there are no other PECs for these ionic states of Ne 2 reported in the literature. The three consecutive steps describing the cascade process of direct ICD following KLL Auger are shown in Fig. 1 . Arrows are used to schematically represent the transitions between the PECs of the states involved. The first step, represented by a black arrow on a blue background, is the core ionization of the system, whereby a 1s vacancy in one of the neon atoms is created:
The resulting highly excited ionic state undergoes Auger decay, i.e., the 1s hole is filled by a 2s electron and a secondary Auger electron is emitted from the 2p shell of the same neon atom. This second step is illustrated by the black arrow on a green background in Fig. 1 and can be written as
In the third step, this one-site dicationic state undergoes ICD. The vacancy in the 2s level is filled by an electron from the same neon and the energy released is transferred to the neighboring atom, which uses it to emit one of its 2p electrons. These transitions are represented by a set of black arrows on a red background in Fig. 1͑b͒ with the energy balance
The final kinetic energy of the two neon ions is equal to the Coulomb repulsion of a single and a double point charge separated by the initial distance between the two neon atoms. The timescale of the KLL Auger decay in neon atom is about 2.5 fs, 5 thus being much faster than the nuclear motion in the dimer. The subsequent ICD is also expected to be faster than the nuclear dynamics. The total lifetime of the process was calculated to be 80 fs. 20 Hence, the internuclear distance will not change much during the cascade process and will stay approximately the same as in the ground state of Ne 2 , namely, around 3.10 Å. This amounts to KER of 9.3 eV. The energy of the emitted ICD electron will then be around 1.7 eV. Fig. 1͑c͒ .
IV. OTHER INTERATOMIC PROCESSES FOLLOWING KLL AUGER DECAY IN NEON DIMER
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A. Energy range of 45-72 eV
We begin our analysis with the electronic states of doubly ionized Ne 2 that are lowest in energy. These are the states having two holes in the 2p level, and their PECs are displayed in Fig. 2 P͒ -Ne is in principle also possible but, as was already mentioned, the probability that this state is formed by KLL Auger decay is extremely small. The radiative charge transfer ͑CT͒ process in question and its energy balance are written in a compact form as
where h is the energy of the emitted photon. The radiative process is comparatively slow; thus the nuclei will have time to relax before the system starts to disintegrate by CT and the ensuing Coulomb explosion. Therefore, the transitions to the two-site states are expected to take place close to the minima of the PECs of the one-site Ne ++ ͓2p −2 ͑ 1 D , 1 S͔͒ -Ne, i.e., around R ϳ 2.15-2.30 Å. Using the Coulomb law, the kinetic energy of the two Ne + ions in the final state is expected to be 6.7-6.3 eV. It should be mentioned that this radiative CT was observed in the argon dimer, 46 where it appeared as a follow-up process of the L 2,3 M 1 M 2,3 Auger decay.
B. Energy range of 72-140 eV
The PECs of the electronic states lying in the energy regions of 70-110 and 110-140 eV are depicted in Figs. 3  and 4 , respectively. Let us first concentrate on the curves of Fig. 3 . We see here two dicationic one-site states ͑bound orange curves͒ with minima at 2.25 Å. The lower lying one is a 3 Let us now discuss the possible transitions between the states depicted in Fig. 3 . The Auger decay will populate the one-site dicationic states depicted as orange attractive curves. At R = 3.1 Å, where the maximum of the wave packet is expected to be located after the Auger transition, the upper singlet state, Ne ++ ͑2s If one neglects spin-orbit coupling, this spin-flip ICD process is strictly forbidden. Although within jj coupling scheme this process is allowed, a rough estimation of the rates of the possible processes based on the experimentally reported spin-orbit splitting of the corresponding states 3 shows that the rate of the spin-flip ICD is several orders of magnitude smaller than those of the competing exchange ICD and ETMD. Thus one can safely assume that only exchange ICD or ETMD can take place here ͑see the schematic representation of the processes in Fig. 5͒ . In the exchange ICD the 2s hole in the Ne ++ ͑2s −1 2p −1 1 P͒ is filled by a 2p electron of the neutral neighbor and another 2p electron is ejected in the continuum from the initially doubly ionized neon, see Fig. 5͑b͒ . In the ETMD process both 2p electrons-the one which fills the 2s hole in Ne ++ ͑2s −1 2p −1 1 P͒ and the one ejected from the system-originate from the initially neutral neon, see Fig. 5͑b͒ . Due to the symmetry of the system, the products of the exchange ICD and of the ETMD are the same, i. case the two processes cannot be distinguished by the final products and identical equations will describe them:
The energies of the emitted electrons are obtained by the difference between the energies of the doubly and triply ionized states involved. Their values at R = 3.10 Å are summarized in Table III along with the electronic configurations of the dimers undergoing the interatomic decay, the type of process they are involved in, and their final states. In the case of exchange ICD or ETMD, the emitted electrons are expected to have energies of about 5.0 eV if the decay takes place close to the equilibrium distance of the neutral species. However, the exchange ICD and ETMD are enhanced at shorter internuclear distances. 9 Therefore, more electrons will be emitted with lower energy and correspondingly higher KER of the back-to-back exploding ions. By examining the points of curve crossing of Ne ++ ͑2s −1 2p −1 1 P͒ -Ne and the Ne ++ -Ne + states, we can in fact estimate the maximal KER. In Fig. 3 , the curves of the final states of the exchange ICD ͑or ETMD͒ cross the Ne ++ ͑2s −1 2p −1 1 P͒ -Ne PEC at distances shorter than 2.13 Å. This corresponds to a maximal KER of at least 13.5 eV. For the direct ICD process, the crossing occurs instead between 2.58 and 2.68 Å, which corresponds to a KER of 10.8-11.2 eV.
The highest lying group of triply ionized states in Fig. 3 ,
Although the wave packet is expected to be quite broad, only a small fraction of its tail will spread beyond the point of curve crossing and decay to Ne ++ ͑2p −2 1 S͒ -Ne + ͑2p −1 1 P͒ by ICD. Thus, although possible, we expect that this process will have a negligible rate.
The lower lying triplet one-site dicationic state, which is only weakly populated by Auger decay, is energetically below the triple ionization threshold and therefore cannot relax by ICD. However, this state can relax by photon emission to some of the two-site dicationic states, such as
Another important issue concerning the PECs in this region is that they interact notably with states of the Rydberg series, converging to the triply ionized neon dimer. This series consists in the superposition of the 2p −1 nl series on one neon and the 2p −2 nl series on the other one, forming a quasicontinuum of PECs covering the whole energy region below the highest black curve in Fig. 3 . None of these states is shown in the figure because they have very low intensities in the computed ionization spectra, and this does not allow the construction of reliable PECs from our data. However, we expect that, due to nonadiabatic coupling in the vicinity of the curve crossings between Ne ++ ͑2s −1 2p −1 ͒ -Ne and the Rydberg Ne + ͑2p −2 nl͒ -Ne + ͑2p −1 1 P͒ states, a CT can take place. Indeed, such CT pathway involving nuclear dynamics was observed in Ar 2 as a follow-up process of the L 2,3M 1 M 2,3 Auger decay. 22, 24 Let us now examine the possible interatomic processes FIG. 5 . ͑Color online͒ Schematic representation of the interatomic decay processes relevant for Ne ++ ͑2s −1 2p −1 1 P͒ -Ne. For further details see Table III and the text. ++ that undergo interatomic decay to two-site Ne 2 3+ states. Given are the type of the process, the expected energy ͑E͒ at which the kinetic energy distribution of the emitted electron is maximal ͑in eV͒, as well as the maximal KER of the back-to-back exploding ions ͑in eV͒. Since the multiplicity of the doubly ionized fragment has to change from singlet to triplet in both cases, the decay via direct ICD would need a spin flip and thus, as was discussed in Sec. IIIA, will have a very low probability. However, the former tricationic state is accessible via exchange ICD while the latter via ETMD. Through exchange ICD, one of the 2p electrons of the neutral atom will fill a 2s vacancy in Ne ++ ͑2s −2 1 S͒ and the energy released will be used to eject a 2p electron from the same site ͓see Fig. 6͑a͔͒ In the ETMD, again one of the 2p electrons of the neutral atom will fill a 2s vacancy in Ne ++ ͑2s −2 1 S͒, but in this case the energy released is used to eject another electron from the initially neutral subunit ͓see Fig. 6͑b͔͒ . Thus, after the ETMD process, the initially neutral neon will be in the doubly ionized 3 Here, we have a case where exchange ICD and ETMD can be distinguished even for a homonuclear system. In a heteronuclear system, ICD and ETMD are easily distinguishable. The energies of the emitted electrons in these exchange ICD and ETMD processes can be deduced from the potential curves of the initial and final states involved. If both processes take place around the equilibrium distance of the neutral, i.e., around 3.1 Å, the kinetic energies of the outgoing electrons will be around 3.1 eV for the exchange ICD process and around 1.6 eV for the ETMD. However, the efficiency of both processes increases exponentially with the decrease in the internuclear distance and we may thus expect that the maximum in the energy spectra of the emitted electrons will be shifted to smaller values. This, of course, implies higher values of KER of the back-to-back exploding ions. The points of curve crossing of the dicationic and tricationic states involved determine the maximal value of KER. For the exchange ICD we have crossings between 2.3 and 2.4 Å, corresponding to KER of 12.6-12.0 eV. The curves of the final states for the ETMD cross those of Ne ++ ͑2s −2 1 S͒ -Ne around 2.7 Å and thus the largest KER for this process is expected to be 10.9 eV. However, we must note at this point that the energies involved in this ETMD channel overlap those of the much more intense direct ICD channel discussed in Sec. III. This will probably make the ETMD process difficult to discern in the data from electronion-ion coincidence measurements.
It are shown in Fig. 3 . However, these interatomic processes are expected to be less efficient since they involve three electrons: Two 2p electrons have to fill the two 2s holes in one neon site, ejecting one 2p electron from the other one ͓see Fig. 6͑c͔͒ Table III. For completeness we would like to mention that in this energy region there is another possibility for a cascade process initiated by the Auger decay of Ne + ͑1s −1 ͒ -Ne. In principle, the neon 1s vacancy can decay via double Auger process producing one-site triply ionized Ne 3+ -Ne states. 47 Experimental results show that the ratio of the doubly and triply ionized ions produced by the decay of the core ionized system is Ne 3+ / Ne ++ Ϸ 0.081. 48 In Fig. 4͑b͒ Fig. 4͑a͔͒ , and we can expect the following process: After the double Auger decay has taken place, the nuclear wave packet will reside on the PECs of the one-site Ne 3+ ͑2p −3 ͒ -Ne states and will be centered around the equilibrium internuclear distance of the neutral Ne 2 , i.e., 3.1 Å. As time proceeds, the wave packet will start to propagate toward the minima of the curves, and at the points of curve crossing, there can be transfer of population to the repulsive curves at Ne ++ ͑2p The crossing points of 3.0-1.75 Å correspond to KER values of 9.6 and 16.4 eV.
V. CONCLUSION
In this paper we have investigated different ionic states of the neon dimer and their relaxation pathways. Elaborated ab initio methods were used to calculate the PECs of the core ionized Ne + ͑1s −1 ͒ -Ne system, of different one-and two-site dicationic states, as well as of all the two-site tricationic states with holes in the 2p and 2s levels. To the best of our knowledge these PECs have not been discussed in the literature until now. The computed potential curves were then used to explain various interatomic decay processes initiated by the Auger decay of Ne + ͑1s −1 ͒ -Ne. The ICD following the Auger process was analyzed by examining the charged states of Ne 2 involved in the two step relaxation. This cascade phenomenon was theoretically predicted a few years ago 20 and was recently confirmed experimentally. 27 Contrary to the previously studied ICD following Auger decay in Ar 2 , 21, 24 in the case of neon dimer one can clearly distinguish different types of interatomic decay mechanisms, namely, the direct ICD, exchange ICD, and ETMD.
There is one open channel for the efficient direct ICD from a state populated by the Auger decay. It is from the Ne ++ ͑2p −1 2s −1 1 P͒ -Ne state. Less efficient and operating mainly at distances smaller than the equilibrium one, the exchange ICD and ETMD are nonetheless also possible for this state. The other main electronic state of the neon dimer that can undergo interatomic decay is Ne ++ ͑2s −2 1 S͒ -Ne. The direct ICD process here would need a spin flip, a process with so low probability that this channel can be regarded as closed. However, exchange ICD or ETMD to different final states can take place. Another possibility for decay of this states is the three-electron ICD process where two 2p electrons fill the two holes in the 2s initial vacancies and a 2p electron from the neighboring neon atom is emitted. Compared to the other interatomic decay mechanisms, this threeelectron process should produce electrons of much higher energy ͑Ϸ25-29 eV͒. However, these types of processes are expected to be less efficient than the competing exchange ICD and ETMD.
The one-site dicationic states with two vacancies in the 2p shell lie below the triple ionization threshold and cannot further decay by electron emission. Nevertheless, they can relax via radiative CT to the two-site dicationic states of the Ne + ͑2p −1 ͒ -Ne + ͑2p −1 ͒ type that subsequently undergo Coulomb explosion.
CT at the points of curve crossing is also feasible for the triply ionized states of the Ne 3+ ͑2p −3 ͒ -Ne dimer, which can be populated by a double Auger process or photoionization. The double Auger decay represents about 8% of the total decay rate of the neon 1s vacancy.
The results of our calculations show that despite its seeming simplicity, the neon dimer is lavish in interesting physical phenomena and provides the opportunity for studying various kinds of ultrafast and fast interatomic mechanisms. We hope that our work will help in analyzing current experimental data and will stimulate further experiments and theoretical studies.
